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(54) Method and apparatus for therapeutic electromagnetic treatment 

(57) A therapeutic treatment device for treating a 
treatment region comprising an incoherent, pulsed, light 
source operable to provide a fight output for treatment 
a power supply connected to the fight source, a housing 
including a reflector and having an opening, wherein the 
light source is disposed within the housing and the 
reflector reflects light from the light source to the open- 
ing. A flexible fight guide is disposed between the open- 
ing and the treatment region, wherein the light guide 
receives the incoherent light from the light source and 
transmits the light to the treatment region and the light 
source, reflector and light guide cooperate to provide 
between 6 and 100 J/cmg to the sWa 

The light guide transmits light having a predeter- 
mined angular divergence, wherein the divergence is 
selected in response to a desired treatment depth. 
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a J^tr inv «««"/elates generally to the art of therapeutic electromagnetic treatment and more specifically to 
a method and apparatus for utilizing a spatially extended pulsed light source such as a flasWamp (flash tube) for such 
tons* ' * ^ <™ *e **l«mp into optical fbers lor therapeutic Pernor SE £S 

O^T^ n ^X^'^ X 01 ^"^"O United Stat« application Serial No 07/964,210. filed 
octceer 2a 1 992. entitled ■Method And Apparatus For Therapeutic Electromagnetic Treatment' 

i a m» J J? S "Jf* ^ 3/1(0 "? e f ectroma 8n etic ""feto" <" medical application for therapeutic uses such as treat- 
io merrt of sk> disorders. For example. US. Patent No 4.298.005 to Mutzhas describes a continuous uttraviolet la™ witt, 
and photoch r cal applications. A tieatmem based on using the UV £322 2 

^ P ^J2%I*?T Wrth * BSHn is desc * ed ' 11,6 P°^ r delivered to the sWn using MuWiJtap is 
descnbed as ISOWAn 2 . which does not have a significant effect on skin temperature. 

In addition to prior art treatment involving UV light, lasers have been used for dermatological procedures Indudino 
^^^p^TT""* ^ Vap0r lasere - ^ers and dye lasers%or ewnple. U.S Patent 
™JL ' 1 *2 "'T* 0, d8SCribeS 8 meth0d 01 construe " n 9 a "ye laser used in dermatology actions Two sWn 

r yb „vr^ * ,aser radia,ion - —n* h***.. SU ch as i^zrn^ in ^S 

,T 01 ? Slan - and ««* th. skin which cause a variety of Si 

» ^!p<M^ciri including port wine stains, telangiectasias, leg veins and cherry and spider angiomas. Laser treatment of 

££2? "iT^ * e SWn diSOnClef ^ ^ * e M or P^ 31 «««PPearaSce of the skin atoL^ 
P n™^l e *T al d,sordere such as PSmented lesions can also be treated by heating the sWn very fast to a high 
^SJ?* evap ? rate rt<h9 Deeper-lying vascular disorders are more typically Seated * 'hS 

^,1^ 1 l PUlSed rad ' ati0n S0urceiS0 « en "*ed. The depth the heat penetrates in me btood vesseTfe 
■ rSHTfl™* * 9,8 r8diafi0n ^ The absor P S ° n ^ Bering coerJentiTof to sk£ 
also affect fteheat penetration. These coefficients are a function of the constituents of skin and the wavelength of to 

mt^n>T^* * 6 f 50 ^" 1 <* ■» t"e epidermis and dermis t^£a^KS£ 

a^rl^r^^r* WaVel9nflth - ^ *• wavele ^ th <* *• light should be chosen m ™ e 
absorptoncoeffoent is optimized for the particular skin condition and vessel size being treated 

~h J^f 60 *?" 635 * ' aSerS ,0r appIications such as tattoo removal and removal of birth and age marks is dimin- 
ished because lasers are monochromatic. A laser of a given wavelength may be effectively used to tatt^M ftMtf 

Z ? * effeC, ' V9 tor 11,6 SeCOnd " ***** ™ usually^rnpfcatedexp^^ 

to manufacture, large for the amount of power delivered, uwdiable and difficult to maintain expensive 

aJ^^S^^ k^™"*** disorder tieatment because blood content in the vidrfty of the vas- 

SS^^i? ^ T 6 " 1 affeCtS ,h6 abSOfpto COef,iaent °' 8,8 treatment ar6a - Oxyherr^lobin is me 
Z^S^fh?^ ^'I* 6 °P Bcal P^P^'es of blood and has strong absorption bands h ■» *Ue region 

add^nal absorption peate with lower absorption coefficients occur at 542 and STTnm. The tofcW^dTof thesl 
mSZ° nth8 °, rder °' 100 ™- Additionally. »gm in the wavelength rangeof 500to600nmisdesinZ^f7thefre^ 
ment ofwood vessel disorders of the skin since it is absorbed by the blood and penetrates through™ isWrT LrWer 
wavelengths uptoiooonmarealsoeftectivesir^ 

Sfm^ fl ^T^" l0n9 en ° U9h - C0rtnbute, ° heatin 9 «he blood vessel by thermal cor^uctivity. Zta,^ 

^J^^w ^ e b !," d e,eclron «9netic radiation source that covers the near UV and the visible portion of the 
t^tTsorl^ 

the light source should be suftaent to optimize treatment for any of a number of applications. Such a theraDeuticele^ 

for ttw speofic ^disorder being treated. The intensity of the light should be sufficient to cause the required thermal effect 
by raising me temperature of the treatment area to the required temperature. Also, the pu.se-wk£ SbSS 

C^T^ h 8nd 8 h !l h 9n0UBh eneroy to the affected a?ea 

light « to m^tZh^T. 80 "! 068 ^* 88 ,inear ,lash,amps P rovWe ^ benefits. The intensity of the emitted 
s^ tnatc^r^, iiT^K a ^ ieVS ,h9 reqU ' red therm£ " ^ The P^e-w«th can be varied over a wide range 
^ a™e oo^L^^TT ^ b9 a ^'^ ™° ^ *<>°«™ ™™ «"e visible and ultraviol« 
range and the optical bands most effective for specific applications can be selected, or enhanced using fluorescent 
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materials. Moreover, non-laser type light sources such as flashlamps are much simpler and easier to manufacture than 
^r^^^ eS t^ Pe ^l! 0 ' * 8 s 8 ™ output power and have the potential of being more efficient and 
moerel.ab!e. They have a wide spectral range thatean be optimized for a variety of specific skin treatment applications. 
s^treSL hwe a ^ ^' «^ »e varied over a wide range v^ch is critical for the differed typeset 

r^i*""™ 1 ^ be '" 9 ** freaSnB sWn disorters. lasers have been used for invasive medical procedures such 
« S^otnpsy and removal of blood vessel blockage. In such invasive procedures laser fight is coupled to optical fibers 
TJ^t^ Jf" 1*" !! atmert ^ *" lith0tripsy the ,iber detos °8W *™ a Pdsed laserWhidney 
. Z^^TJ^ "** aea,es 8 *"* ™° «** P 1 *^^ *° * remove blood 

> vessel blockage the light is coupled to the blockage by the fiber and disintegrates the blockage. In either case the short- 

r^rSL t ,^t^!! CUSSed above . with to laser sWn treatment are present Accordingly, a treatment device for 
lithotripsy and blockage removal utilizing a flashlamp would be desirable. 

„nh,y!,f^ l L trea1 , an a J a .« he , li B h, from *<> source must be focussed on the treatment area. Coupling pulsed laser 
Tl^SS^ 1 W ^ Kme fequite eommoa ne Plorartdescribes coupling isotropic incoherent point sources 
such as CWIamps .mo small opflodfbm For example. U. S. Patent Na 4,757.431. issued July 12, 1988 to Cross ; et 
7 °?f 8 method tor tocusfn 0 '"coherent point sources with small filaments or an arc lamp with an electrode sep- 
aration of 2mm into a small area. Point (or small) sources are relatively easy to focus without large losses In enemy 

S^J^T , k 8 .^* 6 !, 0 " rCe - MstK u S Patem Na 4 ' 022 ' 534 ' i8Sued M «y 1977. to Kishner discloses 
light produced by a flash tube and the collection of only a small portion of the light emitted by the tube Into an optical 

HoweveUhe large dimension of an extended source such as a flashlamp makes H difficult to focus large fractions 

SHETC!* V- J 9 ^ d i Stributi0n 01 816 li9ht has to 08 8uch «"« in the optical fibeV can be acconv- 

]2 . ' ^ JL* raU9 10 have a sys1em tor the O"* 5 " 1 °* 8 h « h lrrten8 »y. ^nded. pulsed light source 

into an optical fiber. 

haJ^'" 9 10 8 f ^ e /* 00 2 merrt <* * 8 invention a therapeutic treatment device comprises a housing and an inco- 
herent hghtsource surtably a flashlamp. operable to provide a pulsed fight output for treatment disposed in the hout 

Z,^ ^'"i ^ S a " ° Peni " 9 " nd 18 Suilable for bein9 di8p0sed ad i acenl 8 sWn < reatnlent area. A reflector is 
mounted wrthm the housrng proximate the light source, and at least one optical filter is mounted proximate the opening 

2£ -"*!!?■ ' nS IS . m ^! r,,ed eoextensively with the opening. Power to the lamp is provided by a variable^ pulse 
width pulse forming circuit Thus, the treatment device provides controlled density, filtered, pulsed light output through 
an opening in the housing to a skin area for treatment w * 9 

According to a second embodiment of the invention a method of treatment with light energy comprises the steps of 
E?? n i! - ^ ^ m ou1put ftDnl 8 non - |aser ' ineoherert «8ht source and directing the pulsed light output 

L^Ta^k , B 01 8,8 ' i9W 18 con,rolled and too" 88 * 1 so that the power density tf the ^ght 

is controlled. Also, the light is filtered to control the spectrum of the light 

n , c ^ d ^°i t }^ i ^ 8mb<) * ment 0T the invention a coupler comprises an incoherent light source such as a toroidal 
H£ZE?22?" S J" S S° Sed . ar0und jnoone,ent B 8 M source and « 'east one optical fber or fight guide. The 
fiber has an end disposed wrthin the reflector. This end collects the ligW from me drcular lamp. In a similar coupling con- 
figuration fbers may be provided, along with a linear to circular fber transfer unit disposed to receive light from the lioht 
ntZTn TZ!** Zt 9 <iberS - The re,,ec,w has m •"**»' "oss-seSTon in a plane paWe?£ »e S 

uTs?^^ 

Figure 1 is a cross-sectional view of an incoherent pulsed fight source skin treatment device- 
Figure 2 is a side view of the light source of Rgure 1 ; 

Figure 3 is a schematic diagram of a pulse forming network with a variable pulse width for use with the skin treat- 
ment device of Figures 1 and 2; 

Rgure 4 isa cross-sectional view of a coupler for coupling light from a toroidal flash tube into an optical fiber with 
a conical edge; 

Figure 5 is a side view of a toroidal flash tube; 

Figure 6 is a top view of a toroidal flash tube; 

Figure 7 shows the geometry for coupling into a conical section; 

Tftet edge 3 Cr ° SS " SeCtionaI vfew * a cou P ter for ""^"fl light'from a toroidal flash tube into an optical fiber with 

Figure 9 is a front sectional view of a coupler for coupling light from a linear flash tube into a circular fiber bundle- 
Figure 10 is a side sectional view of the coupler of Rgure 9; 
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Figure 1 1 1s a front view of a coupler for coupling light from a linear flash tube into an optical fiber; 
Figure 12 is a front view of a coupler for coupling light from a linear flash tube into a doped optical' f ber 
Figure 1 3 is a schematic configuration of a gel skin interface with a transparent plate- 
Figure 1 4 shows an angular distribution of photons penetrating without using a gel; 
Figure 1 5 shows a light guide providing a large angular divergence; 
Figure 1 6 shows a light guide providing a narrow angular divergence; 
Figure 1 7 shows a spectra produced with a flashlamp current of 200 amps; 
Figure 1 8 shows a spectra produced with a flashlamp current of 200 amps; and 
Figure 1 9 shows a GTO driver circuit for a flashlamp. 

In the various figures, like reference numerals are used to describe like components. 

Before explaining at least one embodiment of the invention in detail it is to be understood that the invention is not 

£7?2E ft T" BS - 8 ,menb0n fe "P 3 " 6 " other embodiments or of being practiced or carried 

V * Unde,5t00d th3t *» P h *seology and terminology employed herein is forthTpT 
pose of description and should not be regarded as limiting. • v j u mo pur 

mpnTrtl^in 0 ^^ "J"" * tmss - see6ona> *• views of an incoherent pulsed light source skin treat- 
« mU ZZ^Zt ln aOCOrdanCe with *• - *• P"*em inversion are shown The 

device 10 may be seen to include a housing 12. having an opening therein, a handle 13 (Figure 2 only), a light source 
14hav,ng an outer glass tube 15, an elliptical reflector 16. a set of optical fitters 18. an * 2f?and a o^L a (SS 

Light source 14. which is mounted in housing 12, maybe a typical incoherent light source such as a gas filled linear 
onfuZd^^ 

3MlSrlK S 2!! ^elope -naterial and gas mixfcire used in the tube. For large current densities (e.g.. 

. K T °I e *l!!. ,Sn ^ r " S *' e) diSOrder a required ,i9ht densitv °" ™» be delivered. This light density can be 
achieved wrth the .focusing arrangement shown in Figures 1 and 2. Figure 1 shows a aoss-sectJon vTew of reflLI 16 
also mounted ,n housing 12. As shown in Figure 1. the cross-secSon of reflector 16 in a ito^SKKiS 
i^^, ™«^t 1 ,H ,S t f n ^ e fteshl «»P 1 * «oc««l at one focus of the ellipse and ref.J^w ^ fe ^on^ 
n such a way that the treatment area of skin 21 is located at the other focus. The arrangement shown is sintfa/t^u* 

not, however, be centered limiting. Elliptical reflector 16 may be a metallic reflector, typically polished aluminum ™ 
as used. Other bare or coated metals can also be used for this purpose * 

th. SH^mi XTl*"*? ,B,erS , 18 8,9 mounfed m housinfl 12 "ear the treatment area and may be moved into 
aT^^o^fS 0 ^^**!^ 01 Typically. 50 to lOOnm bandwidth "et 

as wen as low cutoff fitters in the visible and ultraviolet portions of the spectrum, are used In some orocedures it 

££££ E T SPeCtfUm ' wrth! * 1 * thaUV Potion being cu? off. In other SaSoTSSS^ 
naTOWer bandWidthS - Th9 bandwdth « ,ers the cutoff filters are readily JSZ 
Glass tube 15 is located coaxially with flashlamp 1 4 and has fluorescent material deposited on it Glass tube 15 will 
typically be used for treatment of coagulation of blood vessels to optimize the energy S devtaMOThl f k» 
rescent material canbe chosen to absorb the UV portion of the spectrum of f 

tiS^M^ZXr? ? ,0 flenerate Varm " white ,i9ht in ,,uorescent has a conversion effi- 

^" ss " n length of 570nm and has a bandwidth of 70nm and is useful for absorption in 

me^JbT^^^^ 

Other shapes or configurations of flashlamp 14 such as circular, helical, short arc and multiple linear flashlarras 
u^^T*^ 

^^l^"^ 1 in h0USi " 9 12 b8lween °P ,ical "ters 18 and the treatment area and controls the length and the 
, - ft ^ mmaSn ° th e output of fbshlanp 14. The length of flashlarrp 14 co^^axi 
mum length that can be exposed. Typically an 8cm tang (arc length) tube will be used and orfythe central me 
tube is exposed. Using the central 5cm assures a high degree of uniformity of energy density in thTe^Zed^n arel 

SSnT i^Zl^J? (a,S ° ' C0 " imat< ' ) Wi " "^IposuZ skin areas 7ZtlZ£, 
of 5cm. The ins 20 may be closed to provKfe a minimum exposure length of one millimeter. Similarly, the width ofthe 
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con^^ZT^Z^^^ a ^^^^fefightreflectedfromthes^n. Detector 22 

'-«0*«Cp] W (Eq.1) 
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where 



k = heat conductivity of the material being illuminated- 

Ato the puteenwidth of the light pulse; 

C= the heat capacity of the material; 

P - density of the material. 
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F^irJ^T^rZ ^7^T U ' e '^^^su^on and may cause unwanted damage. 

•orfSffFN^^^ Pl,ISe r d, ! , pulse formin 9 *»* ""prised of a plurality of individual pulse forming net- 
^m^M^^iT^: «* "**»P H. The nght pulse full width at JZI 

(FWHM) of a flashlamp driven by a single element PFN with capacitance C and inductance L is approximately equa^to^ 



At«2[L.q 1/!! 



(Eq.2) 



usad F !f c h 'rPj 4 driven ^ three ^rerrt PFhTs, as shown in Figure 3. The relay contacts R1 • R? and R3- are 

used to select among three capacitors CI, C2 and C3 that are charged by the hfch vol4~er suppry. E! 
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«J^f edtoseleCfhePFNthatwinbeeonnectedtoflashlamp H.Therugh votageswitchesSI, S2arriS3 
are used to discharge the energy stored in the capacitor of the PFN into flashlamp 14. In one embodiment Li L2 and 

£SS U9S 100n,H ' ^ "* 5mK reSpeC,iVel * ° 1 ' 02 03 h ™ va.ues of IZ? TmF and loS 

5 ,•„ J." adtf f n 10 *? P °S My 01 ,ttina each PFN separatel ^ which generates the basic variability in pulse-width, addi- 
Uonalvanation can be achieved by firing PBfs sequentially. If. for example, two PFN* having puUwMth AH and At2 

riS^m JZ%" ^ iS ,ir6d ^ 8,9 ,irct pulse has decaved to of its amplitude, then an effective light 
pulse-width of this operation of the system will be given by the relation- At - AN + At2 

™ 6 P^f su PPly typically has a voltage range of 500V to 5kV. The relays should therefore be high vott- 

22 2? ^^r" 6 !T VCteBeS reliab,y '- The 6witches S are capable * carrying the current of flashlamp 14 
and to isolate the reverse high voltage generated if the PFNs are sequentially fired. Solid-state switches, vacuum 
switches or gas switches can be used for the purpose. 

A simmer power supply (not shown in Figure 3) may be used to keep the flashlamp in a low current conducting 

,5 o ^ ^ can be used to acWe«r*ilse^dth variation, such as the use of a single PFN and a crow- 

is bar switch, or use of a switch with closing and opening capacities. 

S Kv i^'in^ 0 ^, 0 " oMla f hlamp 14 "* 80 ^edrical pulse-width of 1 to 10msec. a linear electrical energy den- 
2," ° * f 1 te™*- ^ergy density of 30 to 100J/cm* can be achieved on the skin for apical 

™T I T °l 5 T Theusecrf , a 500,0 S 50 "" 1 bandwidth transmits 20% of the incident energy/Thus 
20 SSthtST. 0 "^ * V 2 ^ 3re aChi6Ved - The ^corporation of the fluorescent material J. furtht 

ftSta?i^ ,n 51 ranB8, enab,in ° 58016 exposure ^ ,h9 a l0 * er enerQ y into 

ra n^1*^ er frrat ™ n, .J° ws *" ener 9y densHies in the range of 0.5 to 10J/cm* with pulse-widths in the 
h» «nl ^ 8 9 J°TJ: tor ,rea,in9 vascular related sMn di80 « lers - ™ 8 range of parameters falls™ 

2 T Wseapo^ type light sources such as the linear flashlanp. A JstepTof neutral dentrrj 
glass filters 18 can also be used to control the energy density on the skin una uensny 

a srr^^l^r 1^ P u,se - W *" h rt 5 microsecond is used A 20J/cm electrical energy density input Into 
IrTJ^^n ^? t'" ene WdensHyon the sWn of 10W. Cuffing off the hard UV portion tfthespec- 
frum resute in 90% energy transmission, or sWn exposure to an energy density of dose to 10 J/cm*. This energy den- 
sity is high enough to evaporate external marks on the skin. 

Device 10 can be provided as two units: a Gghtweight unit held by a physician using handle 13 with the hand-held 

^ 2 22?? ? ^ 918 re,,eetM,y and * e instantane ™s sW" femperature. The power supp7*e PFN* 

£££ S T"* ^ T*"! iP 8 8eparate ** (" rts ^)^'s connected to thenard-hSkviaaflex 
■Die cable. This enables ease of operation and easy access to the areas of the sWn that need to be treated 

than ?i!i^ - 0 " IT" 8 * be8n described ln conjunction with skin treatment However, using a flashlamp rather 

£ v ^S! T^ 6 ^TJ 6 W,h 8 ,lashlan, P- Sueh 9 **• ™V °e similar to that shown In Rgures 1 and 2, and 
may use the electronics of Figure 3 to produce the flash. However, to properly couple the light to an optical fibera 
number of couplers 40, 80 and 90 are shown in Rgures 4 and 8-10, respectively 

fc *, ^ UP T !Hf 1 8S 80 0p,ica, 80urce 01 hi9h lntensi,v '"coherent and isotropic pulsed light such as a linear flash 

n *°!^'™*°' R9Ure 4 - 0pt,cal ,ber 46 the light from light collection system 44 to the treatment arel 

!"a1^ jom^r^ 1 ^ 63 ^ nBht fr0m 3 ^ 30 0pSCal ' toer and ^ ^PP'^^ns medical hSu^- 

o,nr^ a r P , ,e '-^° UPler 4 °JT ay b9 in matenal Pressing to rapidly heat or ablate a portion of a material being 
to oS'^^ 8 Ph0 °f e ™ ical ^ AKernatively. coupler 40 may be used inVphotography application 

with the light transmitted to outside the camera using an optical fiber. As one skilled in the art should recognize courier 
40 allows the use of incoherent light in many applications that coherent or incoherent light has been Sit 
and * B m t0an0pBcal ,lash tube 42 has a toroidal shape, shown in Rgurl 5 an?6 

u^to^Tf 6 ^ eCt0r 44 " rTT 10 ^ tor0id81 ^ ° tner SUCh 88 8 continuousnelix. 

^n^^' H0Wever ; k ah * cal tube is more difficult to manufacture than a toroidal tube. Referring now to 
ofL Sl^ 8 "It 96 "" 3 " 1 ' " me Shape °' a tours, but is not a perfect tours since the electrodes located at the 
shleolf^*^ ^ 

shape of flash tube 42, since the connection to the electrodes can be made quite small 
»nd^!?£r C °" eCtS ^ ?° nCemra,eS 8,8 li 9 hl - ^ 088 8 cross-section of substantially an ellipse, in a plane per- 
SS^Sr?- n T ^ ,° ^ t0r0a81 flaSh ^ 42 - ""^ ^ 3x13 " «* elli f«e preferably Zs a smal! angfe 
«d!Z«TN p^ 1 *' 42 ' 1he8aclvalu601 8,8 ^ ^tiveen the ellipse axis and the rnain axis of lanp 
42 depends on the NumeneaJ Aperture (NA) of the optical fiber. The toroidal flash tube is positioned so that its minor 
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"2 "j*" 16 to"*? * e «Ma "me olher focus of the ellipse is at the edge of optical ffoer 46 Reflector 44 

axis of ^tl 7^T° mB fraPPed h * ** m rays P^ 3 ' 6 i" a plane thi contains the major 

Si" 0i«)- Cos (P)-[n, 8 /h 2 '-1J«6in(p, (Eq3) 

* *f 1 "! t ? p P ed in . lne Portion of the optical fiber if the incidence angle u is larger than iu, • calculated 
Zf? I T a T T" 9 . iS P0SSb,e 0nly W "»"*• " 4,19 outside of the ffcer I 5% ofttetoM 

aSois3^^^^^ 

on «™, f-^"*l 9U,a,,0n Sh ° Wn in R9Ure 4 <*" also be used 9 'fling the volume between the reflector and the 
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arep^S^ 
arteries less than 0.1 mm in diameter - 520-650nm 
veins less than 0.1 mm in diameter • 520-700nm 
s vessels between 0.1 and 1.0 mm in diameter - 550-1 OOOnm 
larger vessels - 600-1 OOOnm 

l^W bTu^ 9 *" ^ Pi9menlatol > lon ° er ^lengths on the lower cut-off portion of *e spectrum 

o each^ P r!aTd^ a jri^ USed , for ^ "T"' ™s may be accompfehed by iHuminatJng wfth a few pu.ses, 
each having a different spectrum. For example, the first pulse can have a spectrum that is Kahlv absorbed in hlrvvlThi. 

fn^-^r^ ^ ms pmapl ° "«/ be "s«« with lasers or other light sources as well 

K^LSt^' P6netra,e Vay d8eply "* 9,6 "BW <*« impinges peno^ 

atl^^.fc ^ eadeeperpenetratroa ^t**MtotMa<MM^*V^MtoM 
S^rt* 8 ^'^*^ Alternativel, anarro^a^eSTceis 
» pennon * U ' nn9 Penetrati0n * *"* freatme "' ™W« require both shallow a^d de«£ 

ho^ a"" 6 I 5 Sh0W t a " flht 9Uid6 1 1 5 havinfl an 6x9 beam wi,h 8 anflu'ar divergence lhan that of the entrance 
SZ"ht^' n ^ Ur M S '. a . beam 1 16 ^"Bht guide 115 a. a small ar^le, ^teftT^JJlS^? 

H AbLl%«^L 8t l 0Wliflht if ride 1 18 totnvdrrtai,* toe angular distr^ 

IT?? ^ ? 9W ouldes 1 1 5 and 1 18 can achieve the narrow and deep penetration discussed above ^ern^ 
t^>e user car, select tt,eNpeof^ 

otliSl^™ 

ufacture and commercially available linear to circular converters such as 25-004-4 Sta£^fZ 
r^eused^scorrf^^ 

in J^r^^ power densities that can be achieved by this invention are high enough to get the desired effects 
n surface treatment or medical applications. For the errfaodiment shown in Figure 4 the total enerov 7ndS 2? 

38 ^ FOr S tonkial with a 4mm bore ^et* aTa n^d^^ 3 3^" 
oTthtCS^ 

toht op^ZZ i! I ^ Z ° Pt,mal e,ectncal °P«*«B conditions. For the reflector shown in Figure 4 50%ofthe 
dS^^TSt^ ' a l P f ^ l0Wer tocus - ^ a ^ "ergy flux on the focus of Is to 30Jmay be 
a^sse*^ 

wi^y^ss s^on^if^^^te^, 0 " 0 " t,er 01 30 10 40J/cn ^ a * the entrance to the fiber should be attained 
usSTm^XTte^ 

h *,/°r l ° n9er P ^ es ', hi 9 her r ' near elecfri cal energy densities into the lamp can be used For a 1 msec oulse to the. flash 
wen as in SSSStaS enerflydenS * eSarever > ^ «'™al cleaning ard proving a^pHcafions as 

shov^^ a u?e S ^^. for ,h CO, * ,li ^ me ° Ptk:alfiber,0an med *« »urce such as a linear flashlamp are 
fa£^etoe7« l^l^ZTtTL'""""" 101 is wound around a lamp 102 a^xJ a 

J. w ^T ^L* 6 ! ' flh1 15 produced ^ ^ source is coupled into the fiber If the Itaht ravs are 

and elX1orrame?ln ^^^^^^^P^em. Adoped optica, fber 105 is wound around larrp 102 
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rectfonaHy a* the part of it that is within the critical angle of fber 105 is trapped and propagates throuoh the f her and 
which m. opt** fiber or optical wave guide is made. For a fber (or optical wave guide) in ai? this angieTs a" 

' rr^J^S'^ ^T^ST* " = 1 5 ^ « " « -8 0 - This corresponds to a trapping efficiency of 

more than 10% of the l.ght emitted by fluorescence inside the fber. If we assume a 50% effWencyoMhe fkieranm 
process wefind out that more than 5% of the Bght produced by the lamp is trapped and propS down to £?E 
I?*' a , 4 "'^ P 3 linaar elee,rical ««W of 300J/in£ard S^ecWcaTK E«£S effiden« 
m ^ 5% ^! ( . e,eCtriCal en6r9y irt ° *• ,ber ™ S for the 4" lamp case to ftlT^m ™* 

w^InC^ e^ *r ^,me^, h l s * 9 •**«' advantage of transferring the wavelTngth emitted * tne Ia3 a 
^STIm^T 6 ^ h of the therapeutic or processing applicatior^merrtionedbeforl tZ flu 

^a"e™«veer*odimertind^^ 

2* r fT?^ ? 8,9 * n (,he epaermis " nd ^ * *• <*"*»• The gel is pnSJI SSS 

Zl e L^ fl !' "T 1 " . app,ied , , ° the sWn "■«« though other gels that ie nrt necSyXe S 

eZfto ~ aM S ^ V " 1g < l relatiVe,y Wah hea ' dermal corriuctivity. such as a wa.er^s^Te sptef 

tr^^TnMn^ *! ° Ut l Skin ( * 9 epide " rtS in partcular >- Transparency is also desirable became X 
treatment light passes through the transparent gel and reaches the skin 

20 sWnS^i^r 9 , 13 '^ 6 ' 110isa PPliedtotheskin21 prior to the treatment A flat layer of gel on top of the 
%2 L ! J W6r ^ 01 9,6 961 tfffou 3 h the "8W Passes may cause Lttenng of Z 

light and reduce rts penetration into the skin. In order to achieve this flatness a sofidlansparent f lat oiece U I r™„ h= 
appbed on top of me skin. The configuration is shown schematicaDy in Rgure 13 T^SSSTcL oZ£ 

« * i,° H 3 ! 0 * 6 ' tranSparent materials - Either the flashlamp housing or the light guldens** aC , ma^e 
25 placed in direct contact with the transparent plate. "scussea aoove may t>e 

that ^^^nf'Z 6 13 h f S - 1he a * ama88 01 r6duCin9 * e "■"«*■ « ■*» (resented by arrows 1 13) 
toSZ ?r f » ' rreSU ^ rtieS i" resurface of the skin. The skin has an index of refraction thaUslarge 
to i that of the nr. As a result any photon that impinges on the air skin interface is deflected if it does not hit tfie shn 

The use of gel addresses this problem since the gel can fill irregular voids that are created by the skin structum 

1™^" ^ i !f I? tran£parenl plastics hav « Wices of refraction that are of the order of 1 5 wrfch is 
"»"£\Theindex of refraction of water is of the order of 1.34 in this range. Water based gels will nave shSTndc^ 
ofrefractron. The index can be increased by proper additives. The plate and gel n^J^l^X^ 

of thl^rf e Tn rf 0 ?I' t lT^ en exparim ! nta "l' in «™ '^atmem of leg veins and other benign vascular lesions 
T 1 Were Camedoutwith,he ,lashlam P described above. However, in alternative ernbodimems 

a different incoherent source, or a coherent source, may be used. emoooiments 

During operation light is typically applied to the skin in a sequence of three pulses with short delays between the 

?£m" JET? 0,0Pera80n iS UMd " -^^takeadvantare of the faster cootgofTe S^^esTthl 

Semi 9 * P6ri0d b8tWeen 9,6 Putees - "*» reduces ^daZge to *e 

^'l?^ 3 ^ 9 ! Wi T 8 i n y Bnti0n - " oM is Bpf *"* 1 to 916 trea,ed «• in «w a "onfl Pulse or in a sequence of oulses 
separated by a delay. The delay and/a pulse length is preferably controlled by the operator to wovHe Vr^fnh 
accomplish the desired treatment but not enough heat to damage thesWn ^ ^ 9TOUQh * 

m ro„l C0 ," C , ePt , Wa l ,e !!! ,: ' n? Iarae ■ nd deep vesseb W me order <" 2mm in diameter and 2mm deep) A thin layer 
2£TZ 1?!^ ed ; HraSOond 861 ^ thick. -Aqua dear- gel made by Parker USA) w^1pp.ied on me 
the Ifn «Z^?S ^1 "'fJ 1 to . 8enerat9 8 mt ,ayer 0< *™ **■ n * B 9W from the deiice pa2ed through 
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In another alternative embodiment the spectrum ot the light used for treatment is controlled by controlling the volt- 

££2?!?™% "Hf" 1 to 8,6 ,l3Shlamp - te is WeU ^ « fe art the spectrum ot OgM produced by a f lashlamp 
radependertf on fte voltage and current provided to the flasWamp. According to this embodiment the Input voltage and 
current g selected to projnde a desired treatment spectrum. The appropriate voltage and currents may be determined 
e^enrne^y foreach flasWamp used. For example, a flashiamp current of 200 amps produced the spectra shown in 
Figure ITJMarly. the spectra of Figure 18 was produced using a flashiamp current of 380 amps. The spectra of Fig- 
ure 1 7 shows a significant enhancement In the wavelength range of 800-1 OOOnm. Such a spectra Is particularly useful 
tor treatment of targe vessels. 

The different currents and voltages used to control the output spectra may be obtained using a group or bank of 
capacrtors that are capable of being connected in either series or parallel as part of the power source for the flashiamp 
t m^ 0 "" 60 ^"^ 1 pf !? te 8 re,atiV6fy N9h votta9e ^ *«*y a spectra having energy 

™ It « 6n9th * ^ !f 50CK65 ° ™ Such a series connection ™ l] ^ more appropriate for generating short* 

pulses (1 to 1 0 msec, e.g.) useful for treatment of smaJler vessels. U 

.JPf 3 " 61 provides a lower current and voltage, and thus produces an output spectra of a longer wave- 

length, such as 700-1000 nm. Such a spectra is more appropriate for treatment of larger vessels and is suitable for pro- 
ducing longer pulses On the range of 10-50 msec. e.g.). The selection of series or parallel connections may be done 
using a relay or sets of relays. 

In one alternative embodiment the pulse forming network of Rgure 3 is replaced by a GTO driver circuit 121 such 
as that showmn Rgure 19. The driver circuit of Rgure 19 uses a switch capable of being turned both on and off to con- 
M the application of power to the flasWamp. While this alternative embodiment will be described with respect to a GTO 
being used as the switch, other switches capable of being turned both on and off. such as IGBTs. amy also be used 

i c o wtT 10 ?^ 9, driVef drCUit 121 indudes 8 hi9h s° urce 122 ' a capacitor bank C5. an inductor 
L5. ad.ode D5, a swrtch GTOI , a diode D6. a diode D7. a resistor R5. a capacitor C6, a GTO trigger generator TR1 a 
IZ - L* cap ^ 07 and a f, ashtube trigger generator TR2. These components are connected to flashiamp 14 

Tl° T 8 pu,ses t0 flashIam P 14 ' 7116 duration and ^"9 of the pulses are provided in accord- 
ance with the descnpton herein. Driver 121 operates in the manner described below 

High voltage source 122 is connected across capacitor bank C5, and charges capacitor bank C5 to a voltage suit- 
able for appl.cat.on to flashiamp 14. Capacitor bank C5 may be a comprised of one or more capacitors, and may be 
configured in the manner described above. 

Prior to Rumination of flashiamp 14 flashtube trigger generator TR2 breaks down flashiamp 14 and creates a rela- 
Wely low impedance channel therein. After the flashiamp breaks down, capacitor C7 dumps current into flashiamp 1 4 

in flashiamp u. In this manner a Discharge is provided that prepares" 
flashiamp 14 for the power pulse. Capacitor C7 provides a small amount of current relative to capacitor bank C5 Alter- 
natively, driver circuit 121 may operate in a simmer mode, wherein the pre^ischarge is not necessary 
« J"^ er ;» wteh GTO1 is turn *J on via a pulse from GTO trigger generator TR1. completing the circuit between 
n^^^***^ 05 - ^ capacrtor bankC5^ g esmroughflashla^4. An ir^uc^LS r^e 
™ f^°S ftenMbme 01 me current through flashiamp 14, Inductor L5 may include an inherent resistive com- 
ponem, not snown. 

n„ te »!! r ^i!2fVo. ,i T e detenT,ined * ,he desi '<* P ul «» has passed. GTO trigger generator TR1 provides a 

™^wl m« H^r 9 '! ?°* d6,ermineS 0,8 <" * e «°° 6 ' ^ «» P™** them in 

accordance with the desired pulse widths and delays. 

nq = l S ?!f >er CirClJ i!"' mprised " diodo D6 ' resis,or Rs ' a capacitor C6 is provided for switch GTO1 . Also, diodes 
u iZl^L ™5™" to P^«**OTOi from reverse voltages. Resistor R7 is provided in parallel with flashiamp 
ri£ proptriy CUrrent ^ ' *** ^ bB UMd 10 makB sure mat **** GTO1 is oper- 

a iW^S diBOn 10 "I"' d ^ Uit 121 iS 10 pr0Vide anSCRor 0,her in P™"<* with capacitor bank C5. This 
allows the discharge or resetting of capacitor bank C5 without turning on swrtch GT01. Other modifications may be 

%S " C , ,rCU ' , 8 "* ,ri99er - ra,her ,han * e W« Was* shown. Another modHicatton is 

to use the dnver circuit with a laser rather than flashiamp 14. wwonn 

of J^^°LSf? Wa ' hS 806 i e ' ayS ( * n a ' d in avoidino *• e ' ,idermis - T" 6 eP idern * has a cooling time 
of about 5 msec, whle large vessels have a longer cooling time (a 1 mm vessel has a cooling time of about 300 msec) 

f^«Z!S T 86 01 dUraS ^ '° nfler ,han5mS9Cthe can coot down but the vessel will not. For example! 

eS^SSSt r^ol 88 ^ h8Vin9 * di8me,er " *"* 1 8 PUl86 °' 1 °0 msec will allow the sWn to 
■ ^ sa . m i ef !f ct 09 achieved using trains of pulses. This is useful when it is not practical to provide a sinale 
vesse to cool. Thus, larger vessels can be treated with longer delays because they have greater cooling times Small 
trvelyrin asfaglepulsa*' '""^ de ' 8 ^ 8 ^ ec ^ l,B - However, they also need less energy and car^be treated effec- 
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Typical delay times are in the range of 20 msec to 500 msec. More specifically, delays of between 100-500 msec 
Atinde,^ 

A angle pulse having a wdfh in the range of 1 msec to 20 msec is effective for vessels less than 0.1 mm diameter 

Mtfrtwrtally. delays should be selected according to skin pigmentation. Darter skin absorbs more enemy and 
sh^er" 9 10 C ° 0l: *"* ' 0n9er d6,ayS ™ " ea,ed - <*" -ess energy and cTacZ^ 

use ^^TJ^T™^ SVOidS °' 9,8 ^ vesseSs in or close to the skia The 

. '!!l and C °° nn9 bB ""a** 8 ^ P f0vided ^ *«« ° r sources as welL 

taJ Tht ntol^ent uxludes the use of a microprocessor or personal computer to control the flash- 

lam* The mcrcprocessor can be used to provide the timing functions and prompt the trigger signals described above 
^Ta^LT^^T 6 ™«"°™** <"<*«te a user int*face. su5, as a £een"«nd ke^buS 
rn^t par^rs! mooprocessors have information stored therein that aids in the selection of treat 

the ™fr^n~ ^ ^ t* P ° rt W " ,e ^""^n type III. the physician inputs that condition into 

Z I fZT£^T ^ microprocessor responds wrth suggested treatment parameters, such as using a 570nm cut- 
off filter^ a double pulse wrth a delay of 50 msec and a fluence ol 55 J/cm*. The physician can alter these suooesied 
parameters, but need not refer back to operating guidelines tor suggested parameter? " 
Thus ^T^^ 0 ' P r SOnal = 0mpU,er «*" 8,50 "*» used to CTeate store patient information in a database 
stored ZEZ^EET ^ ° S beina trea,ed ' ^meters, number of treatment fs 

m^JSZ^'ST?"- PhOt0S . raphS 01 * e Patenrs condition «**•• ard after each treatmem^gain. 
oJS^f , ea1ments . describ «l above thedevices and methods described herein may be used to treat other 
Wes^idb^eS 

r^!l a 'nventor further contemplates using this Invention to treat hemorrhoWs. throat lesions, and 
gynecological problems associated with vascular malformations 

eouoter^tfS 

J^L advartafles 661 forth above- Although the invention has been described in 

aZTem to iTE^T? "T^j! atternatives ' nwdSications and variations w¥be 

aS ml! fa^fn art. Accordingly, rt is intended to embrace an such alternatives, modifications and vari- 

ations mat fall within the sprit and broad scope of the appended claims. 



Claims 



a^TSd^^^^^^^^ P utee * "CM source oper- 

r^r^ * ' 0UlP ^ treatmert ' a P° wer «** connected to the light source, a housing wX, 

wSSSS,"" TP Wh6reln ^ li9W ^ i8 d8posed ^ 11,6 housi "9 "* *• reflectcr S 
light from the Ught source to the opening, and a flexible light guide is disposed between tfie opening and the treaT 

^c3«e£e^ 

2. The treatment device of claim 1 further characterized in that: 

a first interference filter is disposed between the fight source and the light guide* and 
a second absorbing filter is disposed between the first fitter and the treatment region. 

3. The treatment device of claim 3 further characterized in that: 

the light guide is made from a material including an absorbing dye and is the second absorbing filter. 

5 " s^urcT tment **** * daim 4 M CharaCt9rlzed in * at * e ref,ecb *"9 l«fan is relatively close to the light 
6. The treatment deuce of daim 5 further characterized in that a cooling gel is disposed over the treatment area 
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8. The treatment method of daim 7 further characterized in thai- 

^ r ^|!!!"^^ a,i ^ irt ^^«ter. between the Dght source and the light guide- and 
the t B ht.sfilteredbyasecond absorbing later between the first fitter art metreaK^ 

9. The treatment method of daim 8 further characterized in that 

the t B ht is filtered by the second absorbing filter as the light passes through the light guide. 

^^.^ 

11. ^treatment method of claim 10^d««c^ h tw^^ Bpo ^ l , r ^^ teto ^ 
U.Thetreatmemmemafo.^^ 
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FIG. 1 
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